Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by lower back pain, enthesitis and asymmetrical peripheral arthritis. Non-steroidal anti-inflammatory drugs (NSAIDs) are recommended as a first-line drug treatment for AS. The aim of the present study was to evaluate the efficacy and safety of NSAIDs in patients with active AS. A total of 9 randomized controlled trials focusing on 6 NSAIDs, including etoricoxib, celecoxib, meloxicam, diclofenac, naproxen and beta-D-mannuronic acid (M2000), were analyzed in the present study. The efficacy endpoints included total pain score, patients' global assessment of disease activity (PGA), Bath Ankylosing Spondylitis Functional Index (BASFI) and the rate of achieving an Assessment in Ankylosing Spondylitis 20% response (ASAS20). The safety endpoints included total adverse events (AEs), gastrointestinal (GI) AEs, withdrawals due to AEs and serious AEs. NSAIDs were compared with the placebo and among themselves using Bayesian network meta-analysis, calculating mean differences (MDs) for continuous data and odds ratios for dichotomous data. The analysis revealed that all NSAIDs were significantly more effective in reducing pain severity than placebo . Similarly, significant improvements in PGA, BASFI and ASAS20 were determined in patients receiving NSAIDs. Furthermore, etoricoxib was ranked as the most efficacious treatment for patients with AS. With regard to safety, there were no significant differences between NSAIDs and placebo in terms of total AEs, withdrawals due to AEs or serious AEs. Furthermore, no significant differences in AEs were identified between M2000 and the placebo. However, patients treated with diclofenac and naproxen had a higher risk of GI events than those taking placebo. In conclusion, the NSAIDs were all highly effective and well-tolerated in the treatment of AS. However, clinicians should take GI toxicity into account when prescribing NSAIDs.
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by lower back pain, enthesitis and asymmetrical peripheral arthritis (1) . It predominantly affects the axial skeleton (2) . Hip involvement usually causes severe functional impairment (3, 4) . The disease commonly occurs in the second or third decade of life. Without adequate treatment, it may lead to disability and a significant decrease in quality of life (5, 6) .
Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used to reduce pain and inflammation, and are recommended as first-line agents for the treatment of AS (7) (8) (9) . Furthermore, continuous treatment with NSAIDs is preferred for symptomatic patients (8, 10, 11) . However, the use of NSAIDs may increase the risk of gastrointestinal (GI), cardiovascular and renal adverse events (AEs) (12) (13) (14) . Traditional non-selective NSAIDs are associated with an increased risk of GI events due to their inhibition of cyclooxygenase (COX)-1 isoenzyme (15) . Furthermore, COX-2 selective inhibitors may reduce GI toxicity but increase the risk of cardiovascular events (16, 17) .
Several randomized controlled trials (RCTs) have indicated that in AS, COX-2 inhibitors, including etoricoxib and celecoxib, have comparable or superior efficacy and improved GI tolerability compared to non-selective NSAIDs (18) (19) (20) (21) (22) . However, comprehensive comparisons among various NSAIDs are scarce. It is necessary to compare the benefits and disadvantages among the most commonly used NSAIDs. In the present study, an indirect comparison was performed using a Bayesian network meta-analysis to assess the efficacy and safety of NSAIDs in the treatment of AS.
Materials and methods
Literature search. A systematic literature search on PubMed, Embase, the Cochrane Library, China National Knowledge Infrastructure and WanFang databases (with entries up to August 12, 2019 considered) was performed without any restrictions regarding the region, publication date or language. Titles/abstracts were searched using logic combinations of the following terms: ('ankylosing spondylitis' OR 'spondyloarthritis') AND ('non-steroidal anti-inflammatory drugs' OR 'etoricoxib' OR 'celecoxib' OR 'meloxicam' OR 'diclofenac' OR 'naproxen') AND 'randomized controlled trial'. The web-based search was supplemented with manual searches of references of relevant reviews on AS. When multiple studies describing the same population were published, the most complete study was used.
All double-blinded RCTs that enrolled patients fulfilling the modified 1984 AS New York criteria (23) were included and comparisons between different NSAIDs or of an NSAID with placebo were performed. The outcomes reported within 12 weeks were used. Studies were excluded if none of the quantitative outcomes of interest (see below) was reported. Studies on patients with concomitant treatment with prednisone >10 mg/d or biologics were excluded, while those using sulfasalazine for patients who had been using them with stable doses prior to the study were considered.
Data extraction and quality assessment. Two researchers (MDF and JL) independently screened the studies retrieved for eligibility and extracted data from the trials included. The following data were extracted for each eligible RCT: First author, publication year, interventions, study duration, endpoints and patients' characteristics. Disagreements were resolved through discussion. Mean differences (MDs) and standard deviations were used to describe continuous outcomes and the number of events was used for dichotomous outcomes. When the values were not provided in the published article, the data were extracted from graphs. For trials that assessed more than one dose of an NSAID, the effects of different doses were pooled together. The present analysis was based on the intent-to-treat principle, which included all patients receiving at least one dose of the studied drug (20, 22, (24) (25) (26) (27) .
Evaluations of methodological quality of the RCTs included were performed independently by two reviewers (MDF and JL) according to the standard criteria of The Cochrane Collaboration (28) , which consists of seven items: Random sequence generation, allocation concealment, blinding of participants, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias. Regarding each of the above items, each study received a rating as low, high or unclear and two reviewers assessed each trial. The studies were then divided into three categories: i) Low risk of bias: Low risk of bias for all key domains; ii) moderate risk of bias: Unclear risk of bias for one or more key domains; iii) high risk of bias: High risk of bias for one or more key domains.
Endpoints of interest.
The primary efficacy endpoints included the mean change in total pain score, patients' global assessment of disease activity (PGA) (29) and the Bath Ankylosing Spondylitis Functional Index (BASFI) (30) . Pain and PGA scores were assessed using a 0-100 mm visual analog scale (VAS). BASFI assessment was performed using a series of 10 specific questions, each answered on a 0-100 mm VAS where 0 indicated 'easy' and 100 indicated 'impossible' (30) . The secondary efficacy endpoints were the proportions of patients reaching the Assessment in Ankylosing Spondylitis 20 improvement criteria (ASAS20) (29) , which were defined as an improvement of ≥20% and absolute improvement of ≥10 units (0-100 mm VAS) from baseline in at least 3 of the following 4 domains: PGA, total back pain, BASFI and inflammation/morning stiffness, without any worsening of ≥20% and 10 units in the remaining domain.
The safety endpoints included total AEs, GI events, withdrawals due to AEs and serious AEs during the study. The GI events were defined as any abdominal complaints, including nausea, vomiting, dyspepsia, heartburn, diarrhea, constipation and abdominal pain.
Statistical analysis. Indirect comparisons were performed using a random-effects Bayesian network meta-analysis with WinBUGS version 1.4.3 (MRC Biostatistics Unit). Bayesian network meta-analysis incorporates direct and indirect comparisons of treatments, so as to derive estimates of effect of one treatment against another and perform a ranking of treatments (31) (32) (33) (34) .
For continuous data, the MDs were reported from the median of the posterior distribution with the accompanying 95% credible intervals (CrIs). For dichotomous data, the odds ratios (ORs) with the 95% CrIs were presented. Furthermore, the probability of being the best (P best ) for each treatment was estimated (35) . The goodness of model fit was assessed using the residual deviance to examine the validity of the network models, which should be close to the data points. To assess the robustness of the results, a sensitivity analysis was performed by including only trials with full daily doses of NSAIDs, i.e. etoricoxib 90 mg/d, celecoxib 400 mg/d, meloxicam 15 mg/d, diclofenac 150 mg/d, naproxen 1,000 mg/d and beta-D-mannuronic acid (M2000) 1,000 mg/d (36) .
A traditional meta-analysis was also performed using RevMan version 5.3.3 (Cochrane Collaboration) for the outcomes of withdrawals due to AEs and serious AEs. As these outcomes were rare events (<10%), the Peto ORs with corresponding 95% confidence intervals (CIs) were calculated.
Results
Literature search. The selection process of trials for inclusion in the present study is summarized in Fig. 1 . The literature research identified 1,806 records in total, 1,714 of which were excluded after screening their titles and abstracts. The full text of the 92 remaining, potentially eligible articles was reviewed. Finally, 9 RCTs (18-22,24-27) comprising 3,647 patients focusing on 6 NSAIDs, including etoricoxib, celecoxib, meloxicam, diclofenac, naproxen and M2000, were selected for analysis. All studies compared an NSAID with placebo or a different NSAID. A network diagram of treatment comparisons among these trials is provided in Fig. 2 .
Characteristics of the included trials. The major characteristics of the RCTs included are summarized in Table I . While all of the patients included were diagnosed with AS, there were certain differences, e.g. in terms of the pain score, PGA and BASFI at baseline. The treatment duration varied from 6 to 12 weeks. All of the included studies were double-blinded RCTs. The results of the risk of bias assessment of the included trials are presented in Fig. 3 . There was a moderate risk of bias in all trials, mostly due to lack of blinding of outcome assessment or allocation concealment.
Efficacy of NSAIDs. All of the 9 trials reported the mean change of the pain score (18) (19) (20) (21) (22) (24) (25) (26) (27) . A total of 7 trials reported the PGA (19, 20, 22, (24) (25) (26) (27) , 7 reported the BASFI (18) (19) (20) 22, 24, 25, 27 ) and 6 reported the ASAS20 (18) (19) (20) 22, 24, 27) .
Compared with placebo, all NSAIDs were significantly more efficacious in reducing pain severity (MDs between -17.49 and -25.99 with a lower value indicating higher efficacy; Fig. 4A ). Etoricoxib was significantly more effective than celecoxib in terms of pain alleviation (MD=-8.39, 95% CrI: -16.55 to -0.79). Analysis of ranking probabilities indicated that etoricoxib had the highest probability of being the best treatment in decreasing pain severity (P best , 73.8%) (Table II) .
Similarly, significant improvements in PGA and BASFI were determined in patients receiving NSAIDs compared to placebo (Figs. 4B and 5A). Etoricoxib was superior to celecoxib in reducing the PGA score with statistical significance (MD=-9.51, 95% CrI: -17.34 to -1.45). However, there were no significant differences among the NSAIDs in decreasing the BASFI. All NSAIDs had a significantly higher rate of ASAS20 compared with placebo (ORs between 2.71 and 7.54; Fig. 5B ). But celecoxib was significantly less efficacious in reaching ASAS20 than etoricoxib (OR=0.36, 95% CrI: 0.15-0.85). The probability analysis suggested that etoricoxib remained the most effective option for the outcomes of PGA, BASFI and ASAS20 (P best of 67.2, 76.1 and 71.8%, respectively; Table II ).
The test for goodness of model fit suggested that the models of efficacy outcomes were appropriate. In the sensitivity analysis of full-dose NSAIDs trials, all NSAIDs were highly effective in improving pain, PGA, BASFI and achieving the ASAS20, except that diclofenac had an inconclusive higher rate of ASAS20 than placebo (data not shown). Etoricoxib remained the best therapy regarding the outcomes of pain, PGA, BASFI and ASAS20 (P best of 77.8, 65.6, 66.5 and 67.1%, respectively). However, no significant differences were obtained between etoricoxib and celecoxib in improving pain, PGA scores and ASAS20.
Safety of NSAIDs.
A total of 8 RCTs reported on the occurrence of total AEs, GI events, withdrawals due to AEs and serious AEs (18-22,24,25,27). Meloxicam was not included in the analysis due to a lack of data. 
Patients
- Network meta-analysis demonstrated no statistically significant differences among NSAIDs and placebo regarding the risk of total AEs (Fig. 6A) . Additionally, no significant differences were identified in AEs of the M2000 and placebo (OR= 0.39, 95% CrI: 0.10-1.43). The probability analysis indicated that M2000 had the greatest probability of being the safest treatment (P best , 90.5%). Furthermore, M2000 was associated with a lower incidence of AEs than celecoxib and diclofenac (OR= 0.26, 95% CrI: 0.06-1.00 and OR= 0.23, 95% CrI: 0.05-0.99, respectively).
Regarding the risk of GI events, patients treated with diclofenac and naproxen had a significantly higher risk than those taking placebo (OR=2.87, 95% CrI: 1.06-7.67 and OR=2.38, 95% CrI: 1.08-4.93, respectively; Fig. 6B ). No significant differences in terms of GI events were determined among the different NSAIDs. However, M2000 had a considerable probability of being ranked as the safest drug for decreasing GI events (62.2%). Regarding withdrawals due to AEs and serious AEs, there were no statistically significant differences among NSAIDs and placebo ( Fig. 7A and B) .
The test for goodness of model fit suggested that the models of safety endpoints were appropriate. In the sensitivity analysis of full-dose trials, no significant differences in total AEs were identified among NSAIDs and placebo groups. Additionally, no significant differences were identified in the GI events for diclofenac and naproxen when compared with the placebo. M2000 remained the safest therapy for the outcomes of AEs and GI events (P best of 87.3 and 61.4%, respectively). The results of withdrawals due to AEs and serious AEs remained stable during sensitivity analysis.
Discussion
The present meta-analysis provides comparative information on the efficacy and safety of commonly used NSAIDs in the treatment of AS. The analysis confirmed that NSAIDs were consistently more effective than placebo in improving pain, disease activity and physical function in patients with AS. Furthermore, etoricoxib was significantly superior to celecoxib in reducing pain, PGA scores and achievement of ASAS20. However, in the sensitivity analysis of full-dose NSAID trials, no significant differences in efficacy outcomes were obtained between etoricoxib and celecoxib. However, etoricoxib still ranked as the most efficacious treatment for AS.
Likewise, the trials comparing etoricoxib to naproxen directly identified that etoricoxib had superior or comparable efficacy compared with naproxen (20, 21) . In their recent indirect comparison of NSAIDs for AS, Wang et al (37) also demonstrated that etoricoxib was more effective than certain other NSAIDs in reducing pain, which is in accordance with the present results. Furthermore, an economic evaluation indicated that etoricoxib was a more cost-effective treatment for AS compared to celecoxib, diclofenac and naproxen for a duration of >5 years (38) .
With regard to safety, there were no significant differences between NSAIDs and placebo in terms of total AEs, withdrawals due to AEs or serious AEs. Additionally, no significant differences in AEs were identified between M2000 and the placebo. However, M2000 was ranked as the safest drug for AEs and GI events. M2000, a novel NSAID with immunosuppressive properties, has been indicated to be well tolerated with a high safety profile for the digestive system and kidney (39) . In a recent RCT, Fattahi et al demonstrated that M2000 had similar efficacy, but lower risk of GI and other AEs than naproxen for the treatment of AS (27) . In addition, patients taking diclofenac or naproxen complained of more GI events than those with placebo. Thus, clinicians should take the risk of GI events into account when prescribing NSAIDs. In the present analysis, there were no significant differences in safety among etoricoxib, celecoxib and non-selective NSAIDs. The reason may be that AS patients are on average young and, therefore, have a lower risk of GI events. These results are consistent with those of a recent cohort study, which identified no significantly increased risks of GI and cardiovascular events for etoricoxib, celecoxib and non-selective NSAIDs (40) .
The 2016 update of the Assessment of SpondyloArthritis International Society/European League Against Rheumatism recommendations for managing AS suggests that NSAIDs are the mainstay of treatment for patients with AS (8) . Several studies have indicated that continuous use of NSAIDs may slow radiographic progression in symptomatic patients, as assessed by the modified Stoke Ankylosing Spondylitis spinal score (10, 11, 41) . Conversely, a recent study demonstrated that continuous treatment with diclofenac over 2 years was not able to reduce radiographic progression compared with on-demand treatment (42) . There is an ongoing debate regarding whether NSAIDs are effective in inhibiting new bone formation (1). To date, the available data are too scant to draw any conclusions for clinical practice. Further long-term prospective studies should be performed.
Of note, the present study has several limitations. Firstly, the literature review only identified a limited number of the RCTs available, and meloxicam and M2000 were studied in only one trial, which may affect the robustness of the comparison. Secondly, different doses of an NSAID were pooled together, which may have introduced certain heterogeneity into the analysis. However, in the sensitivity analysis of full-dose trials, the results were not markedly affected. In addition, there were certain variations in the pain score, PGA, BASFI at baseline and treatment duration among trials, which may have affected the efficacy of NSAIDs. Furthermore, NSAIDs were not assessed in patients with Figure 7 . Safety endpoints of NSAIDs in ankylosing spondylitis. ORs among NSAIDs and the placebo for (A) withdrawals due to AEs and (B) serious AEs. An OR of <1.0 indicated a benefit from therapy. AE, adverse event; NSAIDs, non-steroidal anti-inflammatory drugs; OR, odds ratio. non-radiographic axial spondyloarthritis due to the paucity of data. Finally, only the short-term efficacy and safety of NSAIDs were investigated. Further studies with adequate follow-up are required to assess the long-term efficacy and safety of NSAIDs in patients with AS.
In summary, NSAIDs are all highly effective and well-tolerated compared to placebo in the treatment of AS. Clinicians should take GI toxicity into account when prescribing NSAIDs.
